Placental transfer of the long-chain polyunsaturated fatty acids (LCPUFA) arachidonic (AA) and docosahexaenoic (DHA) acids is selectively high to maintain accretion to fetal tissues, especially the brain. The objectives of the present study were to investigate the essential fatty acid (EFA) and LCPUFA status at birth of preterm and term Brazilian infants and their mothers, from a population of characteristically low intake of n-3 LCPUFA, and to evaluate the association between fetal and maternal status, by the determination of the fatty acid composition of the erythrocyte membrane. Blood samples from umbilical cord of preterm (26-36 weeks of gestation; n ¼ 30) and term (37-42 weeks of gestation; n ¼ 30) infants and the corresponding maternal venous blood were collected at delivery. The LCPUFA composition of the erythrocyte membrane and DHA status were similar for mothers of preterm and term infants. Neonatal AA was higher (Po0:01) whereas its precursor 18:2n-6 was lower (Po0:01) than maternal levels, as expected. There was no difference in LCPUFA erythrocyte composition between preterm and term infants, except for DHA. Term infants presented a worse DHA status than preterm infants (Po0:01) and than their mothers (Po0:01) at delivery. There was a negative correlation of neonatal DHA with maternal AA and a positive correlation between neonatal AA and maternal AA and 18:2n-6 only at term. These results suggest that the persistent low DHA maternal status, together with the comparatively better AA and 18:2n-6 status, might have affected maternal-fetal transfer of DHA when gestation was completed up to term, and possibly contributed to the worse DHA status of term neonates compared with the preterm neonates. r
Introduction
During pregnancy, maternal, placental and fetal requirements for essential fatty acids (EFA; 18:2n-6 and 18:3n-3) and long-chain polyunsaturated fatty acids (LCPUFA) are high. LCPUFA, mainly arachidonic acid (AA; 20:4n-6) and docosahexaenoic acid (DHA; 22:6n-3), are indispensable functional and structural components of all cellular membranes and are especially required for fetal neural, visual and vascular development [1] . The fetus depends primarily on placental transfer of LCPUFA, which are obtained preformed from the maternal diet and/or are synthesized by the mother from EFA [1, 2] . LCPUFA accretion in the fetus increases exponentially from the 30th to the 38th week of gestation [3] , and therefore preterm babies may be in disadvantage compared to term babies regarding LCPUFA status [1, 4, 5] .
The availability of LCPUFA during early life appears to affect the quality of growth and the development of visual and cognitive functions [1, 6] . Several studies have shown that later LCPUFA status of infants is determined both by the status at birth and the post-natal diet [7] [8] [9] . Therefore, the evaluation of EFA and LCPUFA status at birth can be an important predictor of future status of fatty acids and development in infants.
EFA and LCPUFA status of newborn infants has been evaluated by the fatty acid composition of plasma phospholipids [5, 10, 11] and of erythrocyte phospholipids [9, 12, 13] . The erythrocyte EFA and LCPUFA of infants reliably reflect maternal transfer, as has been shown by the direct correlations of these fatty acids between newborn term infants and their mothers, which are stronger than those observed in plasma phospholipids [13] . The fatty acid composition of the erythrocytes has been also used to evaluate the influence of habitual intake on maternal status of fatty acids [7, 14] and as a biochemical and functional index of EFA and LCPUFA maternal status [13] and infant requirements [7] .
The pattern of intake of EFA and LCPUFA affects maternal [15] , as well as neonatal status [16] . In Brazil, the habitual intake of lipids of the general urban population [17] and of pregnant and lactating women [14, 18, 19] is characterized by a relatively high intake of saturated and monounsaturated fatty acids and low intake of LCPUFA, especially of the n-3 series. Therefore, it is expected that the maternal EFA and LCPUFA status resulting from this particular dietary pattern may influence fetal status. Data on maternal-fetal transfer of fatty acids in Brazilian newborn infants and the comparison between preterm and term infants regarding their LCPUFA status at birth could support future policies and guidelines, aimed at prenatal care, emphasizing the importance of LCPUFA intake during pregnancy and lactation.
The objectives of this study were to investigate the EFA and LCPUFA status of preterm and term Brazilian infants and their mothers at delivery, and to evaluate the association between fetal and maternal status, by the determination of the fatty acid composition of the erythrocyte membrane.
Subjects and methods

Subjects
Adult healthy pregnant women attending the Maternity Ward of the Instituto Fernandes Figueira-Fundac -a˜o Oswaldo Cruz (FIOCRUZ), Rio de Janeiro, from July 2000 to May 2001 were asked to participate in the study. Exclusion criteria were maternal gestational diabetes, pregnancy-induced hypertension, metabolic or genetic disorders, infection, and complications during delivery, including a newborn with congenital malformation. A total of 140 preterm newborns and mothers were included in the period. Three days per week all mothers of term newborns were invited to participate in a total of 162. A random sub-sample of 30 pairs mother-preterm and 30 pairs mother-term newborn was chosen for the present study. The study protocol was approved by the Ethics Committee of FIOCRUZ and was conducted in accordance with the Declaration of Helsinki. All participants signed an informed consent form prior to enrolment.
Venous blood samples from 30 mothers (27.877.0 years of age, mean7SD) of full-term newborn infants (37-42 weeks of gestation) and from 30 mothers (26.978.3 years of age) of preterm infants (26-36 weeks of gestation) were collected into EDTA-containing tubes at delivery. Blood samples from the umbilical cord of the full-term and preterm newborns were also collected at delivery.
Length of gestation and infant sex, weight, length and head circumference were recorded at birth. Habitual maternal intake of food sources of fatty acids was estimated by using a food frequency questionnaire designed to collect qualitative data on sources of fat and previously validated [20] . The questionnaire was applied to the mothers within 2 days after delivery.
Sample preparation and analysis
Plasma was separated from erythrocytes by centrifugation, and the packed erythrocytes were washed three times with isotonic NaCl (0.9%, w/v), after removal of the buffy coat. The washed erythrocytes were suspended in an equal volume of isotonic NaCl and stored at À20 1C with sodium dithionite at a final concentration of 1.0% (w/v) to avoid oxidation of unsaturated fatty acids [21] .
Fatty acid analysis in erythrocytes was carried out by capillary gas chromatography in a Shimadzu GC-14B (Japan) gas chromatograph, using an Omegawax-320 column (30 m Â 0.32 mm i.d.; Supelco, Co.). Erythrocyte suspensions (250 mL) were transesterified with acetyl chloride (Merck; P.A.) in methanol [22] . Methylated samples were stored in hexane (250 mL) with BHT (0.05%, w/v) under N 2 at À20 1C for up to 1 week, until analysis. Samples (1.5 mL) were injected in the gas chromatograph operated as follows: He as carrier gas (70 Kpa); detector temperature ¼ 280 1C; injector temperature ¼ 240 1C; split ratio ¼ 1:20; column temperature gradient ¼ 170 1C(5 min)+2 1C/min up to 210 1C (20 min). The fatty acid methyl esters were identified by comparison of relative retention times with authentic standards (''Menhaden oil''; 37 FAME mix; Supelco, Co). Results are expressed as % (by weight) of total fatty acids.
To characterize the EFA and DHA status of the mothers and of their newborn infants, the following indices were calculated: EFA status index (EFASTI) was obtained by dividing the sum of the essential n-3 and n-6 fatty acids by the total amount of the nonessential n-7 and n-6 fatty acids; DHA sufficiency index (DHASI) was calculated as the ratio 22:6n-3/22:5n-6; and the DHA deficiency index (DHADI) was calculated as the ratio 22:5n-6/22:4n-6 [13] .
Statistical analyses
Data were analyzed with Statgraphics v.4.0 (Statistical Graphics Corporation/Plus Ware, USA). Variables with non-normal distribution were normalized with log transformation before analyses. For statistical comparison between groups the Student's t tests (paired t test for comparison between mothers and neonates; unpaired t test for comparison between term and preterm neonates and between their mothers) were used. Pearson correlation analysis was used to investigate associations between maternal and neonatal fatty acids and between characteristics of the newborn infants (gestational age, weight, length and head circumference at birth) and PUFA. Two-tailed P values o0:05 were considered statistically significant. Table 1 shows the general characteristics of the newborn infants. The expected differences between preterm and term neonates were observed. Fig. 1 shows the frequency of intake of fat sources by the mothers participating in the study. The intake of fat sources was similar in mothers of preterm and term neonates, and therefore the frequency of intake is shown together for all mothers. Vegetable oils, mainly soyabean oil (490%), were consumed daily by 100% of these mothers, and were the main source of EFAs, especially 18:2n-6. Hydrogenated vegetable fat, which is the main ingredient of margarine and a rich source of saturated fatty acids and trans-monounsaturated fatty acids was consumed daily by 75% of the mothers. Sixtyfour and 69% of the mothers consumed weekly meat and chicken, respectively. These foods are the main sources of saturated fatty acids and AA in the western diet. Approximately 53% of the mothers consumed milk daily, which was the main dairy food consumed. Approximately 50% of the mothers reported that fish was never consumed, 20% consumed once a month and 20% once a week, showing a low intake of a major source of n-3 LCPUFA.
Results
The fatty acid composition of the erythrocyte membrane of preterm and term neonates and their mothers is reported in Table 2 . Saturated fatty acids comprised the majority of the fatty acids in the erythrocyte membrane, varying from 50% to 58%. PUFA concentrations ranged from 30% to 34%, and those of the n-6 series, mainly AA and 18:2n-6, were the most abundant PUFA. Total n-3 PUFA was 5-7%, with DHA being the most abundant (approximately 4.0%). There were no significant differences in PUFA composition between mothers of preterm and term neonates, except for 18:2n-6 and 18:4n-3, which were, respectively, lower and higher (Po0:01) in mothers of preterm neonates. As for the newborn infants, significant differences (Po0:01) were found for DHA and the total n-3 fatty acids, which were lower in term neonates than in preterm neonates. EFASTI, DHADI and DHASI values did not differ significantly between mothers of preterm and term infants, but term neonates presented a lower (Po0:01) DHASI value than preterm neonates. When we compared the fatty acid profile of preterm neonates of 26-32 weeks of gestation (n ¼ 7) with that of the preterm neonates of 33-36 weeks (n ¼ 23; t-test), we found no significant difference between them. Correlation analysis of fatty acids and weeks of gestation also did not show any significant association. Therefore, we reported the results for all preterm neonates (26-36 weeks) in Table 2 . 
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Comparison of the erythrocyte fatty acid composition between the newborn infants and their mothers (Table  2) showed that there were significant differences for saturated, monounsaturated and PUFA. Among the latter, 18:2n-6, 22:5n-3, total n-3, n3/n6 ratio and DHASI in both preterm and term neonates, and 22:6n-3 only in term neonates, were lower (Po0:05) than maternal levels. On the other hand, 20:3n-6, 20:4n-6 and DHADI in both preterm and term neonates, and 22:5n-6 and total n-6 only in term neonates, were higher (Po0:05) than maternal levels. There was no difference in EFASTI between mothers and newborn infants.
Significant correlations between several PUFA in maternal and in neonatal erythrocytes are shown in Table 3 . In both preterm and term neonates and in their mothers there were positive correlations between PUFA precursor-product of n-6 fatty acids. Negative correlations were found in neonates in both groups between 18:0 and n-6 PUFA. These PUFA also presented negative correlations with 18:1n-9 in neonates in both groups and in mothers of preterm infants only. For all groups there were negative correlations between LCPUFA of n-6 and n-3 series. Table 4 shows the significant correlations of PUFA between the newborn infants and their mothers. A significant positive correlation was found between AA in term infants and maternal AA and its precursor 18:2n-6, whereas DHA contents in term infants presented a negative correlation with maternal AA and its elongation product 22:4n-6. In preterm infants the only direct significant correlations were with maternal 22:5n-6 and DHASI, but there was also a negative correlation between neonatal DHASI and maternal DHADI. In addition, maternal 20:3n-6 tended (P ¼ 0:06) to correlate with preterm 20:3n-6 (r ¼ 0:36) and 22:5n-3 (r ¼ À0:47).
Pearson's correlation analysis between erythrocyte fatty acids and length of gestation, weight at birth and length at birth of preterm and term infants showed associations between weight at birth and 18:1n-9 (r ¼ 0:42; P ¼ 0:02) and 18:1n-7 (r ¼ 0:36; P ¼ 0:05) only for the term neonates, whom also presented a positive correlation between length at birth and 18:2n-6 (r ¼ 0:40; P ¼ 0:03).
Discussion
The pattern of intake of food fat sources in the present study was similar to that found for Brazilian women in other studies [14, 18, 19] and showed a high maternal intake of vegetable oils, mainly soya-bean oil, and a low intake of fish and fish oils. This dietary pattern results, respectively, in high intake of 18:2n-6 and low intake of preformed n-3 LCPUFA, which were reflected in the maternal LCPUFA status in our study. In comparison with mothers from the Netherlands [13] , where the intake of n-3 fatty acids is higher [23] , Brazilian mothers presented a worse DHA status at delivery, as shown by their lower DHASI and higher DHADI values in the erythrocyte membrane, whereas AA levels were similar. EFASTI values were apparently higher in the Brazilian mothers, due mainly to the contribution of 18:2n-6 and AA. Comparison with German mothers [24] also showed that Brazilian mothers had higher levels of erythrocyte 18:2n-6 plus AA. Results are presented as mean7SD. n3/n6: ratio between the sum of all n-3 and n-6 fatty acids; DHADI: DHA deficiency index (22:5n-6/ 22:4n-6); DHASI: DHA sufficiency index (22:6n-3/22:5n-6); EFASTI: EFA status index (Sn-6+Sn-3/Sn-7+Sn-9). The 20:1n-9 and 20:5n-3 fatty acids are present in trace amounts. Variables with nonsymmetrical distributions (16:1n-7; 18:2n-6; 20:4n-6; 22:4n-6; 22:5n-6; 22:5n-3; 24:1n-9) were log transformed before analysis. a Significantly different from mothers (Po0:05). b Significantly different from term neonates (Po0:01). c Significantly different from term mothers (Po0.01).
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The fatty acid composition of the maternal blood largely determines the fatty acid mix delivered to the fetus, but placental transfer is selectively higher for AA and DHA than for other PUFA. This transfer involves a multistep process of selective uptake by the placental microvillous membrane, intracellular channeling of individual fatty acids and selective export to the fetal circulation [2] . Fatty acids cross the placental microvillous membrane by simple diffusion and via the action of a membrane bound fatty-acid binding protein, which presents higher affinities and binding capacities for AA and DHA than for other fatty acids [25] [26] [27] . Accordingly, studies using erythrocyte membrane [12, 13, 28] and plasma phospholipids [5, 28, 29] in the cord blood have shown that AA and DHA relative contents (g%) are higher, whereas 18:2n-6 is lower in newborn infants than in their mothers, and that full-term infant levels of EFA and LCPUFA are related to maternal levels [13] . In the present study, we found similar results for the differences between maternal and fetal relative levels of EFA and LCPUFA, except for DHA. In contrast with the studies mentioned [12, 13, 28] , our study showed similar erythrocyte DHA contents in preterm infants and their mothers and lower erythrocyte DHA in term infants compared to their mothers.
Comparison between term and preterm Brazilian infants showed that preterm infants were not in disadvantage in regard to EFA and LCPUFA status. On the contrary, term infants presented lower DHA and DHASI levels in the erythrocyte membrane than preterm infants, despite the similarity in maternal DHA status in both groups. Furthermore, term Brazilian infants had lower DHASI and higher DHADI than term infants from the Netherlands [13] .
Studies in pregnant women [3, 13, 30] have shown that there is a progressive decline in EFA, AA and DHA maternal status during the last 12 weeks of pregnancy, and that at delivery DHASI is lower and DHADI is higher in full-term infants than in their mothers [13] . Although AA, DHA, DHASI, DHADI and EFASTI were not different between mothers of term and preterm infants in the present study, the imbalance between the low DHA maternal status and the relatively adequate 18:2n-6 and AA status possibly contributed to a low fetal DHA status, which was more perceptible at the end of term gestation. This hypothesis is consistent with the negative association between DHA in term newborn infants and maternal AA, the positive association between AA in these infants and maternal AA and 18:2n-6, and the lack of these correlations in the preterm infants in the present study. It is also worth noting that in neonatal erythrocytes there was a negative correlation between AA and DHA, and in mothers of term infants there were negative correlations between 18:2n-6 and DHA and between AA and DHA (Table 3) , in contrast to the highly significant positive correlations between erythrocyte AA and DHA observed in pregnant British and Korean mothers and in their term babies at birth [31] . Taken together these results suggest that the current levels of intake of n-3 LCPUFA by Brazilian pregnant women, characteristic of the Brazilian urban population, may not be sufficient to sustain an increased maternal-fetal transfer of DHA until term. EFA metabolism and conversion to LCPUFA is extremely competitive and 18:3n-3 conversion to DHA is dependent on the relative abundance of 18:2n-6 [32] , therefore the evaluation of n-3 and n-6 fatty acid maternal status should be considered simultaneously. The persistent low DHA maternal status, together with the comparatively better AA and 18:2n-6 status, might have affected maternal-fetal transfer of DHA when gestation was completed up to term, and possibly contributed to the worse DHA status of term neonates compared with the preterm neonates.
